Study objectives: To assess whether (1) there is an increased incidence of sternal fractures associated with internal mammary artery (IMA) 10 ,ug/mL of epinephrine was infused. Patients were observed for evidence of tachyeardia (indicating intravenous placement) and immediate motor and sensory deficits (indicating subarachnoid placement). After proper placement in the epidural space (confirmed by anesthesia in a dermatomal distribution), morphine sulfate (0.1 mg/mL at 5 to 10 mL/h) or fentanyl (10 jg/mL at 5 to 10 mL/h)
Study objectives: To assess whether (1) there is an increased incidence of sternal fractures associated with internal mammary artery (IMA) revascularization in open heart surgery and (2) there is a higher incidence of pain in was infused either continuously or by bolus. The epidural catheter infusion was continued until the patient had minimal pain and normal breathing function. Standard respiratory therapy (as described above) was used before and concurrent with epidural analgesia. Respiratory therapy was identical for patients receiving epidural or intravenous analgesia. Statistical significance was assessed using the standard significance test for the difference of two proportions.
RESULTS
Of 288 consecutive median sternotomies, there were a total of 24 sternal fractures. Sternal fractures occurred significantly more often in patients in whom IMA retraction was used (94 cases with 16 fractures or 17% fracture rate) compared with patients in whom IMA retraction was not used (194 cases with 8 fractures or 4% fracture rate, p<0.007).
IMA harvesting appears to be the only factor that predisposed to sternal fractures. Other than age difference (mean=62.3 years for IMA recipients vs mean=65.2 years for SVG recipients, p=0.05), patients receiving IMA or SVG revascularization had similar medical profiles.
In this series of 288 patients, there were 3 sternal infections (1 superficial and 2 deep) and 6 reexplorations for bleeding/tamponade. Two of these nine wound complications were associated with sternal fractures: (1) the superficial wound infection occurred after coronary revascularization with IMA; and (2) one reexploration followed coronary revascularization with SVG. The wound complication rate associated with sternal fractures (2/24) did not differ significantly from the wound complication rate without sternal fractures (7/264). Likewise, the incidence of pulmonary complications (pneumonias or reintubations) did not differ significantly between patients with or without sternal fractures (Table 2) .
Twenty-one of the 24 patients were not seriously affected by their sternal fracture. With respect to analgesic regimen and duration of hospitalization, these 21 patients did not differ significantly from the 264 patients without sternal fractures. Both groups were given 48 to 72 h of intravenous narcotics followed by oral narcotics and stayed an average of 6 to 8 days in the hospital. Three of the 24 patients with sternal fractures suffered respiratory compromise. Compared with the 21 other patients with sternal fractures, these 3 patients did not differ with respect to results of preoperative pulmonary function tests, preoperative pulmonary symptoms, preoperative cardiac status, or smoking history. Their surgeries were not more complicated, nor were their fractures more complex. All 24 sternal fractures were repaired at the time of chest wall closure and at no time in their postoperative or outpatient follow-up was there any evidence of sternal instability. Thus, the degree of pain associated with their sternal fracture appeared to be the only difference between these two groups of patients with sternal fractures. We believe that the respiratory compromise resulted from severe incisional pain that restricted their ability to inspire adequate volumes despite maximum intravenous analgesia. Each of these patients and the management of their pain is discussed below and summarized in Table 3 .
The first patient had a respiratory rate of 28 breaths/min on POD 4 with significant splinting, despite maximum intravenous analgesia. The patient's maximum inspiratory volume (MIV) as measured by incentive spirometry was 700 mL; on 5 L of oxygen by nasal cannula, the Po2 was 62 and the Pco2 was 48. Within 4 h of epidural catheter placement, the respiratory rate decreased to 20, the MIV increased to 1,800 mL, the Po2 on room air was 66, and Pco2 was 40. This patient developed nausea 36 h after institution of epidural analgesia, which resolved by changing from a morphine to a fentanyl infusion. The epidural catheter was removed on POD 8.
The second patient had an epidural catheter placed in the immediate postoperative period. On POD 3, with the catheter still functioning, this patient's respiratory rate was 18 and the Po2/Pco2 on 2 L of oxygen by nasal cannula was 77/44. The catheter was removed on POD 4, and within 12 h the patient reported a significant increase in sternal pain despite maximum intravenous analgesia. The patient had a progressive respiratory decline that required intubation, with a respiratory rate of 32, Po2 of 58, and Pco2 of 65 on 50% oxygen by mask. The epidural catheter was replaced POD 5 and once again it was removed on POD 10 with a successful outcome. The third patient had an epidural catheter placed POD 1. Four hours before epidural analgesia, the respiratory rate was 20, the MIV was 700 mL, and the Po2/Pco2 on 2 L of oxygen by nasal cannula was 66/42. Four hours after epidural placement, the respiratory rate was 18, the MIV increased to 1,250 mL, and the Po2/Pco2 on 2 L of oxygen was unchanged. In these three patients, the respiratory rate decreased from 27 ± 3 breaths/min to 18 ± 0.3 (p<0.001) and the maximum inspired volume increased from 700 ml to 1,525 ± 275 mL.
In no patient was the placement of the catheter associated with serious complications. As mentioned before, however, one patient developed nausea associated with epidural analgesia that resolved after changing narcotics.
DISCUSSION
Our study revealed an increased incidence of sternal fractures with the use of the IMA retraction device. There was, however, no increase in the incidence of wound complications associated with sternal fractures. In our series, only 4% of patients developed sternal fractures when a conventional retractor was used. In contrast, 17% of patients who had one or both IMAs used sustained a sternal fracture. We presume these fractures are more common because of the vertical force the IMA retractor applies (Fig 1) . In addition, we counted all partial breaks as well as complete fractures, which may have contributed to this rate of fracture. Whereas most of these sternal fractures were well tolerated, a few resulted in significant patient compromise. We postulate that these severe respiratory complications associated with sternal fractures can be avoided with the use of epidural analgesia. Though we did not note any patients without sternal fractures to have significant respiratory problems, if a patient had significant pain as a contributing factor to their respiratory failure, epidural analgesia would certainly be beneficial.
There are few contraindications to epidural catheters. These include concomitant heparin therapy, platelet abnormalities, thrombocytopenia (<90,000), and bleeding disorders.1 Relative contraindications include collagen disorders (ie, Ehlers-Danlos), previous major spinal surgery, vertebral column abnormalities, acute spinal cord abnormality, neurologic diseases, and chronic low back pain.' Concomitant aspirin or nonsteroidal therapy is not a contraindication, providing the bleeding time is less than 8 min.1 All our patients who had undergone bypass were started on a regimen of aspirin on POD 1.
Complications associated with epidural narcotics include respiratory depression (0.25 to 0.40% of patients), nausea/vomiting (17 to 35%), pruritus (11%), and urinary retention (20 to 60%).25 Urinary catheters were used in all patients until the epidural catheter was removed. One patient in our -series experienced nausea, and this was treated by switching from morphine to fentanyl. No patient suffered significant respiratory depression as a result of the epidural narcotics. Patients were observed for this potential complication by careful nursing supervision (intensive care/special care) and pulse oximetry. Naloxone was kept at the patient's bedside.
A number of techniques have been used by others for pain management after cardiothoracic surgery and each has their proponents. These techniques include transcutaneous electrical nerve stimulation, which has been moderately effective in decreasing the analgesic drug requirements in patients postcardiac surgery when started on POD 3 or POD 4.6 Intrapleural analgesia (catheter placed between pleural surfaces), conventional intercostal nerve blocks, and continuous intercostal nerve blocks using catheters inserted subpleurally have also been shown to be effective in treating postthoracotomy and rib fracture pain.7'10 Epidural analgesia has not only provided improved pulmonary mechanics, preserved postoperative lung volumes, and decreased pulmonary complications after thoracotomy," but also gives very effective pain control. Robinson et al'2 showed improvement in cough and pain control with epidural analgesia following median sternotomy. Review of the literature, however, reveals no mention of epidural analgesia for the management of sternal fracture pain and associated respiratory insufficiency. In this study we observed that most patients tolerate their fractures well. A few, however, do not, and may require epidural analgesia for adequate pain control.
The present study indicates that epidural analgesia is a safe and effective treatment for sternal fracture pain when intravenous narcotics are inadequate. It also shows that sternal fractures are an infrequent occurrence, are usually well tolerated, and do not result in an increased incidence of wound complication. The study also shows that standard wire fixation at the time of chest closure provides excellent stability.
